To determine whether epididymo-orchitis, a common infectious disease among men, is associated with subsequent prostate cancer (PCa) via a nationwide cohort study.
Introduction
Epididymo-orchitis is characterized by inflammation of the epididymis and testes. Nearly 600,000 cases of epididymo-orchitis occur per year in the United States, accounting for 1/144 (0.69%) outpatient visits among 18 to 50-year-old males.
[1] The typical symptoms of acute epididymitis are swelling and tenderness of the epididymis or scrotum. Orchitis is usually from inflammation of the epididymis. [2, 3] The infection source of epididymo-orchitis is mostly direct extension from urethra or from the bladder. Sexually transmitted infections (STIs) and urinary tract infections (UTIs) are the major causes of epididymo-orchitis. In addition, prostatitis is a risk factor for epididymo-orchitis. [4] Moreover, prostatitis has also been reported to be a risk factor for prostate cancer (PCa). [5] PCa is the second most commonly occurring cancer among men worldwide, with more than 1.1 million patients having been diagnosed with and 330,000 have died from PCa in 2012. [6] In Taiwan, the incidence of PCa increases year by year, and PCa is the fifth most common form of cancer in men. [7] Several risk factors for PCa have been reported, including age, family history, and race. [8, 9] Using the Surveillance, Epidemiology, and End Results (SEER) database Rosenblatt et al conducted a study of 753 PCa patients treated between 1993 and 1996 and found no association between epididymitis and PCa. [10] However, their study was conducted in the 1990s and enrolled a relatively small number of cases. Furthermore, the increasing incidence of PCa in Asia in recent years makes it important to clarify the predisposing risk factors for PCa. As such, the present 13-year nationwide population-based study was conducted in order to evaluate the relationship between epididymo-orchitis and PCa in an Asian population.
Methods

Data source
The National Health Insurance Research Database (NHIRD) of Taiwan is an administrative database derived from the National Health Insurance (NHI) program, a nationwide healthcare program established in 1995. The NHI program covers 99% of the 23 million residents of Taiwan. [11] We designed this retrospective cohort study utilizing the Longitudinal Health Insurance Database 2000 (LHID2000), which is a subdataset of the NHIRD. [12] The LHID2000 contains the health records for 1 million people randomly selected from among the 23 million residents included in the NHIRD in the year 2000. More specifically, the LHID2000 and NHIRD contain detailed inpatient and outpatient medical information for individual patients, including the dates of clinic visits and hospital admissions, disease diagnoses, medical procedures and surgical procedures, and medication prescriptions. All the diagnoses listed in the databases were made according to the International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM), and all the data included in the data anonymized. Approval for this study was received from the Institutional Review Board of the Tri-Service General Hospital (approval number: TSGHIRB NO B-104-21.)
Study subjects
All the patients included in the study were included in the LHID2000 and were treated between January 2000 and December 2013. More specifically, we selected patients who were newly diagnosed with epididymo-orchitis (ICD-9-CM: 604) between 2001 and 2008 as the study group (Fig. 1) . The exclusion criteria for the study group were as follows:
(1) patients who were diagnosed with epididymo-orchitis before January 1, 2001 (n = 34), (2) patients with incomplete medical records (n = 402), (3) patients who were aged 0 to 19 years old (n = 1397), and (4) patients with a history of epididymo-orchitis or PCa (n = 26).
A control group of patients without epididymo-orchitis was also selected, with these patients matched to the patients with epididymo-orchitis at a 1:4 ratio. The control patients without epididymo-orchitis were matched to the study group by age, monthly income, geographic area of residence, urbanization level of residence, and index date of epididymo-orchitis diagnosis (that is, for the epididymo-orchitis patients). A total of 19,922 subjects were enrolled in the control group.
A total of 4991 patients with epididymo-orchitis were enrolled as the study group. The diagnoses of epididymo-orchitis were based on clinical presentations, meaning they were based on the symptom of painful swelling of the scrotum, which may also have been combined with fever, frequency, and urgency. The diagnoses of epididymo-orchitis were made by urologists. Furthermore, we only included patients who had received antibiotic treatment and ultrasonography of the scrotum in this study. From January 1, 2001, to December 31, 2008, the index date for each patient was defined as the date that the diagnosis of epididymo-orchitis was made. We tracked each subject for a 5-year period following his index date in order to note any subsequent cases of PCa (ICD-9-CM:185). [13] LHID2000 n = 1,000,000 Subjects with epididymo-orchitis, no prostate cancer before index date 
Outcome and covariates
The outcome of interest was the incidence of new cases of PCa in both the study group and control group during the 5-year followup period. In Taiwan, patients diagnosed with PCa are registered in the Registry for Catastrophic Illness Patient Database (RCIPD), with the medical records being fully evaluated in order to ensure that meeting of the diagnostic criteria is confirmed by experts assigned by the NHI administration. Following such confirmation, the patients with PCa receive waivers for further medical payments after receiving a catastrophic illness certification.
Covariates including age, monthly income, geographic area of residence, urbanization level of residence, and comorbidities were examined in both groups. Age was categorized into 6 groups: 20 to 29 years, 30 to 39 years, 40 to 49 years, 50 to 59 years, 60 to 69 years, and older than 70 years. Monthly income in New Taiwan Dollars (NTD) was divided into 4 categories: less than NTD 20,000, NTD 20,000 to NTD 39,999, NTD 40,000 to NTD 59,999, and more than NTD 60,000. The geographic area of residence in Taiwan 
Statistical analysis
Descriptive statistics for the characteristics of the study subjects were analyzed and calculated using the Student t test and Chisquare test. We used a 1:4 propensity-score matched analysis with age, monthly income, geographic area of residence, and urbanization level of residence for both the epididymo-orchitis group and control group. The Cox proportional hazards regression model was used to calculate the risk of subsequent PCa and to obtain the effects of potential confounders. We calculated the hazard ratios (HRs) for the 2 groups at 95% confidence intervals (CIs). Adjustment for potential covariates (including age, income, geographic area of residence, level of urbanization of residence, and comorbidities) was performed in all models. We used the SPSS software version 19.0 (SPSS Inc., Chicago, IL) and Microsoft SQL Server 2008 software for data analysis. A 2-sided P value <.05 was viewed as the threshold for statistical significance.
Results
A total of 24,913 men were enrolled and analyzed in this 13-year nationwide population-based study. Among them, 4991 had epididymo-orchitis and served as the study group, while 19,922 had no epididymo-orchitis and served as the control group. The demographic characteristics of the patients are shown in Table 1 .
The mean age of the patients with epididymo-orchitis was 46.50 ± 18.20 years, while the mean age of the control group patients was 46.40 ± 18.10 years. The majority of the patients with epididymo-orchitis were aged 20 to 49 years old, and the majority of these patients lived in the northern part of Taiwan. Hypertension and hyperlipidemia were the most common comorbidities of the patients with epididymo-orchitis. Moreover, there were significantly higher prevalences of diabetes mellitus (DM), hypertension, stroke, coronary artery disease (CAD), COPD, obesity, alcoholism, tobacco use disorders, and sexually transmitted infections (STIs) among the patients with epididymoorchitis than among the control group patients. Table 2 shows the incidence of PCa and the results of the multivariable analysis of the 5-year follow-up for the patients with epididymo-orchitis and the control group. Among all 24,913 subjects, 235 (0.9%) were diagnosed with PCa during the Table 3 . After adjusting for age, income, geography, urbanization, and comorbidities, the patients with epididymo-orchitis still had a significantly associated with an increased risk of subsequent PCa (adjusted hazard ratio [aHR]:1.56, 95%CI:1.18-2.06). Ages of more than 70 years, higher incomes, hypertension (aHR: 1.52; 95% CI: 1.09-2.13), and hyperlipidemia (aHR: 1.44; 95% CI: 1.07-1.93) were significant risk factors for PCa. The highest aHR in the different age groups was that for patients older than 70 years, which was 31.53 (95% CI: 11.32-87.80) compared to that for patients aged 20 to 29 years.
Discussion
A review of the literature indicated that no large-scale study investigating the association between epididymo-orchitis and the incidence of PCa had previously been conducted. As such, we conducted this large nationwide cohort study with a 5-year follow-up period, the results of which demonstrated that epididymo-orchitis associated with an increased the risk of subsequent PCa. A Cox regression analysis indicated that, compared with the control group, the patients with epididymoorchitis had a 56% increased risk of PCa.
There are several risk factors of PCa including chronic prostatic inflammation, urine reflux, and bladder outlet obstruction (BOO). Both urine reflux and BOO may lead subsequent inflammation of the prostate or damage the prostate epithelium. [14] It has been reported that chronic inflammation of the prostate may be a precursor of prostate carcinogenesis. [15] Proliferative inflammatory atrophy (PIA) consists of chronic inflammation of the prostate that has the possibility of further progressing to PCa. [16] PIA reduces the activity of glutathione S-transferase P1, thus decreasing the degree of protection from oxidative damage provided to the genome. [17] Epididymoorchitis is an infection of the epididymis or testis. The pathogens that cause epididymo-orchitis most commonly originate in the urethra or the bladder. STIs and UTIs are major sources of epididymo-orchitis. [4] The risk factors for epididymo-orchitis also include prostatitis, bladder obstruction, the insertion of a urinary catheter, and urethrocystoscopy. [4] One mechanism that could possibly explain the association between epididymoorchitis and PCa is inflammation. Furthermore, prostatitis, STIs, and UTIs, which have been reported to increase the risk of PCa, also affect the risk of epididymo-orchitis. [18] [19] [20] [21] Prostatitis, or chronic inflammation of the prostate, further results in carcinogenesis of the prostate. Wang et al conducted a study of 355 men with gonorrhea and 1420 controls and found that gonorrhea resulted in a 5-fold increased risk of PCa. [19] Meanwhile, gonorrhea infection is one of the major causes of epididymo-orchitis. [22] However, the possible mechanisms of PCa and the potential roles of asymptomatic prostatic inflammation and epididymo-orchitis require further investigation.
The high-income patients with epididymo-orchitis in this study were found to have associated with an increased risk of PCa, a finding which is compatible with those of previous studies. [23, 24] Possible reasons for this increased risk include that these patients have relatively high-fat diets or greater awareness of the need to seek out early screening for PCa. Age is a well-known risk factor for PCa, and this study also found an increased risk of PCa with age. [2] Hyperlipidemia was also associated with an increased risk of PCa in this study. Kitahara et al conducted a prospective study in Korea of 756,604 men, including 2490 cases of PCa. The results showed that 329 men in the highest quintile of total cholesterol (≥240 mg/dL) had a 124% increased risk of PCa. [25] However, the association between hypertension and the risk of PCa is controversial. Liang et al conducted a meta-analysis of 21 published studies and found that hypertension resulted in a 108% increased risk of PCa. [26] Our study also revealed that hypertension increased the risk of PCa.
The main strength of this study is that it is a large cohort study utilizing a longitudinal nationwide database. However, it still had some limitations. First, the diagnosis of epididymo-orchitis was defined according to the ICD-9-CM code. The ICD-9-CM code 604.90 is used for both epididymitis and orchitis. As such, there may have misdiagnoses of other infections in our study. However, in order to minimize the possible impacts of misdiagnoses, we only enrolled patients who received antibiotic treatments and ultrasonography of the scrotum. Second, laboratory test results including those for urine cultures, C-reactive protein (CRP) levels, and PSA levels are not included in the NHIRD. Third, the stage and Gleason's scores of PCa, which may help to define the severity of PCa, are also not included in the NHIRD. Moreover, data regarding some risk factors of prostate cancer, such as those relating to family history and dietary habits, are likewise not included in the NHIRD. Finally, this study utilized a retrospective study design. Further prospective studies with a larger population and longer follow-up period are warranted to investigate the association between epididymo-orchitis and PCa.
Conclusion
In conclusion, our study is the first study to discover that patients with epididymo-orchitis have associated with an increased risk for subsequent PCa. Epididymo-orchitis infection may be a determining factor for PCa incidence due to the effects of chronic inflammation. Physicians may pay attention to this association when assessing patients with epididymo-orchitis. Further studies are warranted to investigate the association between epididymoorchitis and PCa.
